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This invention relates to the manufacture
of Portland cement and the principal object

- thereof is to provide a novel and advanta-
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geous method for making Portland cement
having a higher proportion of combined lime
than the Portland cements ordinarily pro-
duced, and possessing certain advantageous
properties as a result of such high proportion
of combined lime.

- Portland cement consists chiefly of com-

‘pounds of lime and alumina,. principally in

the form of tricalcium aluminate
(8Ca0.A1,0,),

and compounds of calcium and silica, princi-
pally in the form of tricalcium silicate

(3C20.8i0;)

and beta-dicalcium silicate (2C20.8i0,).

It will be understood that the alumina may
be partly replaced by iron oxide, which ap-
pears in the finished cement chiefly in the
form of tetra-calcium alumino-ferrite

(4C&O.A1208-F6203 ) 3

or possibly some other ferrite.

The desired mixtures of these compounds
are ordinarily formed by mixing together
suitable raw materials in such proportions as
to provide the desired proportions of lime,
silica, alumina, and iron oxide, and burning
the same. The lime is substantially the sole
basic constituent, except for magnesia, which
is generally present to a greater or less extent
while the silica, alumina and iron oxide are
all acidic in nature, and react with the lime
upon heating. The raw material in some
cases consists of so-called “cement rock” con-
taining substantially the desired proportions
of these constituents, but in most cases con-

_ sists of a mixture of limestone, or limestone-
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bearing material containing a considerably
higher proportion of lime than the finished
cement, and clay or shale (argillaceous or
clayey material) consisting principally or
largely of silicates of aluminum and iron.
Other materials containing varying propor-
tions of silica, alumina, and iron oxide may
also be used as sources of acidic constituents.

In ordinary Portland cements heretofore
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produced there has, in general, been a con-
siderable proportion of dicalcium silicate, for
example, about half as much as of the tri-

calcium silicate, due to the fact that the pro-

portion of lime ordinarily used in the raw
mix is insufficient to entirely convert the di-
caleium compound to the tricalcium com-
pound. TFurthermore, it has been found that
in the ordinary process of making Portland
cement by a single burning of the mixed raw
materials, if the proportion of lime is in-
creased in an attempt to increase the conver-
sion of the dicalcium silicate to the form of
tricalcium silicate, it is impossible to obtain
complete combination of the lime, so that
some free lime remains in the finished cement,
such free lime having a very deleterious effect
on the properties thereof.

However, for certain purposes, and partic-
ularly for the production of Portland ce-
ment having high early strength, it is de-
sirable to increase the proportion of combined
lime in the finished cement, that is, to increase
the proportion of high lime compounds, and
particularly to produce a cement having a
relatively high proportion of tricalcium sili-
cate as compared to the dicalcium silicate,
since the tricalcium compound has much more
desirable cementing properties than the di-
calcium compound, particularly from the
standpoint of early development of strength.

It has already been proposed to effect the
combination of a higher proportion of lime
in the cement by first burning a mixture of
materials containing lime, silica, alumina
and iron oxide in which the proportion of
lime is sufficient to substantially fully saturate
the other constituents so as to form a product
similar in composition of its combined con-
stituents to the usual Portland cement clink-
er, but also containing a certain amount of
free or uncombined lime, and to then cool
and grind this product and re-heat the same
to cause this free lime to combine and com-
plete the saturation of the other constituents.
It has also been proposed to first burn a mix-
ture of lime, silica, alumina and iron oxide
in substantially the proportions of ordinary
Portland cement, and to then cool and grind
the product and to re-burn the same together
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with an added amount of lime sufficient to
complete the saturation of the other constit-

" uents during the second burning operation.

'm
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The expression “fully saturate” is understood
to mean the complete conversion of the com-
ponents to forms containing the highest pro-
portions of lime, that is, to tricalcium silicate,
tricalcium aluminate and tetra-calcium
alumino ferrite.

An important advantage of these methods

_ of double burning, with anintervening grind-
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ing, as compared with single burning, 1s that
fresh surfaces of uncombined material are
exposed, so as to give such material a further
chance to react during the second burning,

-1t being assumed -that the inability to cause

* the desired high proportion of lime to com-
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-bine during a single burning is largely due
-to-the tendency of the material to sinter to-

gether to form lumps during the clinkering
operation, - thus' preventing or inhibiting

“further reaction of material in the interior
- portions of such lumps, and also to the forma-

‘tion of surface layers of reaction products
25 - '

at the surfaces of the:original particles them-
selves, which tends to prevent access of other

-materials to the-interior of such particles.
“The re-grinding not only breaks up the lumps

formed during the first burning, but also

breaks up some of the original particles .
-themselves, both of these results serving to

expose fresh surfaces of material for reac-
tion during the second burn. Amnother advan-
tage of such re-burning operation, which is
realized when the addition of other mate-

-rial- between the first and second burns is
‘practiced, is greater flexibility of control due
‘to the fact that the proportioning of -con-

stituents is obtained in two stages, and an
error or irregularity in the mix for the first

-burning operation may be corrected in mak-
-ing the mix for the second burning operation.
~Advantages which the method of reburning
-with addition of material between burns has

with respect to reburning without such ad-
ditions are greater capacity and probably

‘greater economy due to the fact that the added

material hasto gothrough the kiln only once.
A further advantage is that the presence of
an excess of certain of the constituents dur-

ing the first burning may, under certain con-
-ditions, produce greater combination of the

bulk of the material during that operation

than would otherwise result. B
Thave found, however, that the formation

of high early strength cements having a rela-

“tively high proportion of combined lime may

also be carried-out by another process which

‘differs essentially from the mséthod of re-

burning without addition of material between

‘burns, and from that in which lime is added
_between biirns, but -which possesses the ad-
vantages just listed and in addition -certain

other ones of an important character. This

‘novel and advantageous method consists es-

~used “in the original mix.

1,856,442

sentially in first burning a material or mix-
ture of materials containing lime and acidic
constituents, such as silica, alumina and iron
oxide, in which the proportion of lime is in
excess of that which can be made to combine
with the acidic constituents of the original
mix even by repeated burning, then.cooling
and grinding the product of this first burn-
ing, and then reburning the same, together
with added acidic cement forming material
such- as silica, alumina and iron oxide either
alone or in combination, said added material
being free from lime or relatively low in lime.

‘The process according to this invention

‘may be carried out by first mixing and grind-

ing - limestone and argillaceous-material in
such proportions that the lime content of the
mix is more than can be made to- combine,
even by repeated burning, with the -silica,

alumina and iron oxide therein. The result-:

ing raw mix may, for example, show the fol-
lowing analysis upon ignition:

: . Per cent
Lime (CaQ) oo _________ T30
Magnesia (MgO) oo _ 20
Silica (Si0s) oo oo_--.--18.0
Alumina (ALOs) s 5.0
Iron oxide (Fe,Op) oo ____ 2.0

- These mixed materials may then be burned
in the usual manner of making Portland
cement. In this first butning operation the
high proportion of lime may, by reason of
mass action, cause the formation of a larger

“preportionof high-lime compounds, and par-

ticularly tricalcium silicate, than in the or-
dinary burning of Portland cement, but as
the amount of lime present not only exceeds
the amount which will combine in a single
burning operation, but actually exceeds the
proportion which may.be made to combine

with the other constituents even by repeated

burning, there will inevitably be a consider-
able amount of free or uncombined lme re-
maining in- the product of this first burn.
The silica, alamina and iron oxide, however,

will be. substantially completely combined

with lime, the various compounds thereof
being either in substantially the same pro-
portions as in  ordinary Portland cement
clinker or containing somewhat higher pro-
portions of the high lime compounds.

The clinkered material produced by this
first burning operation may then be cooled

and regreund, and thoroughly mixed with an -3:
~additional quantity of acidic cement-forming
.material, for example, argillaceous material
-containing sufficient silica, alumina and iron

oxide to combine with the excess of lime

may add, for éach thousand pounds of clink-

-er resulting from the first burn and contain-

ing substantially the proportions of lime,
silica, alumina and iron-oxide as given above

for the original raw mix, sixty pounds of ar- . *°

For example, I :
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gillaceous material hiving the following
analysis upon ignition:

Per cent
Silica (Si10,) oo 72.0
Alumina (Al,Og) o ________ 20.0
Iron oxide (FesOs) oo 8.0

The corrected mix would then have the
following analysis upon ignition:
Per cent

0a0) e

Lime (

Magnesia (MgO)__________________ 1.89
Silica (810s) ccmme 21.06
Alumina (A,Og) oo 5.85
Iron oxide (Fe,Og) coeo L 234

‘The mixing of the additional acidic mate-
rial with the material resulting from the first
burning operation may be carried out either
before, during, or after the grinding of the
burned material. For example, the once
burned clinker and the additional acidic ma-
terial may be ground separately and then
mixed, or they may be first mixed and then
ground together. This corrected mix may
then be subjected to a second burning opera-
tion, which may be carried out in a rotary
kiln or other suitable heating apparatus, and
in a manner similar to the ordinary burning
operation except that, since all of the lime
has already been once burned and hence con-
verted from the form of CalOy, it is unneces-
sary to provide for any further liberation of
CO, before actual combination begins. A
particular advantage of this method, there-
fore, is that the material added between the
first and second burns is in a form which can
begin to combine at once. For this reason,
as soon as the materials are heated to the
proper temperature the combination of lime
with-the other constituents can take place
immediately, which leads to more.rapid and
complete reaction than when the lime is pres-
ent as limestone and must first lose its CO,
before it can begin to combine with anything
else.

During this second burning operation part
of the lime will combine with low-lime com-
pounds resulting from the first burn, to con-
vert. them to high-lime compounds, namely,
tricalelum silicate, tricalcium aluminate, and
tetra-calcium alumino ferrite, while the re-
mainder of the lime will combine with the
silica, alumina and iron oxide of the added
material, to also form principally high-lime
compounds. This ability of the lime to form
principally high lime compounds from the
constituents added between the first and see-
ond burns, as well as to react readily with
low-lime products of the first burn, may be
due, in part.at least, to the above mentioned
fact that such lime is already in condition to
combine and does not require liberation of
CO, therefrom. Furthermore, the combina-
tion of alumina, iron oxide and silica with
lime takes place much more readily than the
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combination of dicalcium silicate with Hime

to form tricalcium silicate, which is another

reason why combination of the added con-
stituents would be expected to take place
readily during the second burn. . This ability
of the added acidic material to combine read-
ily with the remaining lime during the second
burn constitutes an important advantage of
this invention, and serves to clearly distin-
guish this method from the other reburning
methods above mentioned, in which the only
possible reaction of lime during the second
burning is the formation of higher lime
compounds from low-lime compounds, which
reactions take place with relatively great
difficulty.

The clinker resulting from the second burn
may then be cooled and ground, to form fin-
ished cement, it being understood that gyp-
sum or any other suitable materials may be
added thereto in the same manner as in mak-
ing ordinary Portland cement.

A particularly advantageous application
of this invention is in connection with the

manufacture of Portland cement from raw:

materials having approximately the requisite
proportions of the- essential elements for

-making Portland cement but being somewhat

high in lime. Certain “cement rocks” such
as those occurring in certain parts of Penn-
sylvania are of this type, containing over
8% carbonate of lime, so that in the man-
ufacture of Portland cement therefrom it is
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necessary to add a little clay, or other cement °

rock containing less than the required amount "

of lime. In applying my invention to such
materials it would be unnecessary to employ
any mixing operation preceding the initial
burn. The high-lime cement rock or other
high-lime raw material may be simply
ground and burned and the product of this
first burn may then be cooled, re-ground and
mixed with the required amount of argillace-
ous material or material low in lime, and then
re-burned.

Furthermore, in cases where Portland ce-
ment is made from a three component mix,
in which two of the components are clay or
argillaceous material or other low-lime ma-
terial, one of the argillaceous components
may be mixed with the limestone prior to
the initial burn while the other argillaceous

components may be added between the first

and second burns, or different proportions of
the two argillaceous components may be
added at these two different points in the
process.

Still another adaptation of the process con-
sists in first burning a mixture of limestone
and argillaceous material, said mixture being
higher in lime than the finished cement is to
bé, and being deficient in one of the acidic
constituents, for example, iron oxide, and
then supplying this deficiency by adding, be-

tween the first and second burns, material *
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- invention are the use of an initial raw mix
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consisting wholly or largely of iron oxide
and in sufficient proportion to cause all the
lime to go into combination during the sec:
ond burn. AR :

‘While I have mentioned certain compounds
as being the ones probably formed during
the production of Portland cement, it is to be

‘understood that the invention is not to be re-

stricted. to the formation of these particular
compounds. - The essential features of the

containing a higher proportion of lime than

can.be made to fully combine with the acidic .

constituents thereof even by repeated burn-
ing, and the addition of acidic material, be-
tween the first and second burn, in sufficient
amount to cause substantially complete com-
bination of the lime during the second burn.

‘While-mention 1s made of the formation of

a larger proportion of high-lime compounds
than are ordinarily formed in making Port-
land cement by a single burn; and particu-

larly to the conversion of the silica more fully
-to the form of tricalcium silicate, 1t is-to be

understood that the invention is.not restrict-
ed to complete “saturation’ of the final prod-
uct with respect to lime, that it, to complete
conversion. of all of the constituents to their
higher lime compounds. Assuming that the
compounds formed are as givén above, the
actual. proportions of: constituents in the

- specific example which I have given are such
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as to provide about 2% dicalcium silicate in

the final clinker, the remainder of the-silica
being combined as tricalcium silicate, but I
do not wish to be limited in any way to any
specific composition of the material used in
the first burn, or-that added between the first
-and second burns, or to any certain degree of
conversion of the constituents to higher lime
compounds. . : -
- Iclaim:

" 1! The method of making.Portland cement

which comprises first burning material con-
taining lime, silica, alumina and iron oxide,
in which the proportion of lime is in excess

- of that which will combine, even on repeated

50

burning; with:the siliea, alumina and iron
-oxide contained therein, permitting the re-
sultant product.to cool, grinding said product
and. mixing therewith material containing

- sufiicient silica, alumina and iren oxide to

combine with the excess lime, and reburning
the mixture. ' :

2. ‘Fhe method of making Portland cement
having a'high proportion of combined lime
which comprises first burning cement form-
ing material containing lime together with
argillaceous material in sufficient amount to
combine with a considerable proportion but
not all- of said lime during such burning

.. ¢operation, then ‘cooling and grinding the
product resulting from this first burning ‘op-

eration and mixing therewith additional ar-
gillaceous material to give a mixture of lower

1,856,442

lime content than' the material in the first
_burning operation, and then-reburning ‘said
mixture, L :

3." The method of making Portland cement
which comprises mixing an argillaceous ma-
terial containing silica, alumina and iron
oxide, with limestone material containing
lime in excess of that which will combine,
even on repeated burning, with said compo-
nents cf the argillaceous material, burning
said mixture, then ¢ooling and grinding the
burned product and mixing with said prod-
uct argiliaceous material to form a mixture
of lower lime content than the mixture in the
first burning operation, and then subjecting
the mixture so formed to a second burning
operation. B

4. Themethod of making Portland cement,
which comprises first burning material con-
taining lime and also containing acidic con-
stituents of Portland cement, in amount safii-
cient to combine with a considerable propor-
tion of said lime during such burning but
insufficient to combine with all of said lime
even on répeated biirning, then cocling and
grinding the product of this first buraing
operation and mixing therewith additiona
acidic cement-forming material, and then re-
burning the mixture, said additional acidic
material being in sufficient  proportion to
cause substantially complete combination of
the lime during said reburning operation.

5. The method of making Portland cement
which comprises mixing argillaceous mate-
rial with lime-bearing material containing

lime in ekcess 61 that which will combine with

the scidic constituents of the mixture ‘even

“on repeated burning, buriing said mixture,

cooling and grinding the burned material
and mixing therewith sufiicient additional
acidic cement-forming material to cause sub-
stantially complete combination of the lime

upon further burning, ‘and reburning the

mixture. : ,

6. In the production of Portland cement
the steps which comprise mixing a Portiand
cement clinker consisting of calcium com-
pounds of silica, alumina and iron oxide, and
of uncombined lime in excess of that which
can be combined: with said’ calcitum. com-
pounds by further burning to form higher
Iime compounds, with argillaceous material
containing sufficient acidic cement forming
material to cause substantially complete com-
bination of said-excess lime upon  further
burning; and then burning said mizture.

In testimony whereof T have hereunto sub-
scribed my name this 23rd day of Septem-

ber, 1929,
: - HAROLD H. STEINOUR.
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